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Anaphylaxis in Mast Cell-Deficient Mice 
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Departments of Medicine and Dermatology, Tufts University School of Medicine, Boston, Massachusetts, U.S.A. 
Evidence of a functional deficit in mast cell-deficient 
mice was sought by testing for the development of sys-
temic anaphylaxis. W/Wv mast cell-deficient mice and 
wild type control animals were sensitized by injection 
of bovine serum albumin and subsequently challenged. 
Nine of ten W/Wv mast cell-deficient mice and 10/10 
control mice demonstrated signs of anaphylaxis, includ-
ing death. Although histamine levels were higher in 
control animals, no differences were noted before and 
after antigen challenge. The numbers of peripheral 
blood basophils were the same in W/Wv and wild type 
mice. These studies suggest that caution is necessary in 
the use of these animals to study disease. 
Mice homozygous for the mutant allele at the W locus are 
characterized by partial albinism, sterility, macrocytic anemia, 
decreased natural killer cells, and a deficiency of mast cells [1-
3]. The number of cutaneous mast cells is less than 1% of the 
number present in congeneic wild type(+/+) mice [4], and no 
mast cells can be identified in caecum, brain, spleen, thymus, 
heart, kidney, liver, lung, or bone marrow using toluidine blue 
staining. Tissue histamine may be reduced or absent (5- 7]. 
These mast cell-deficient W ;wv mice have been used to study 
the role of the mast cell in disease [5,8]. The course of hel-
minthic infection with Nippostronglysus brasiliensis in mice is 
the same in W ;wv mice as normal mice. This has been inter-
preted to mean that mast cells do not play a functional role in 
immunity to helminths despite a Jack of evidence that these 
mice have functional deficits in immunity. We have sought 
evidence of a functional deficit in t he immune response in mast 
cell-deficient mice. Specifically, we have tested the immediate 
hypersensitivity response as indicated by the ability to develop 
systemic anaphylaxis. Additional ly, the presence of basophils, 
which have been identified in normal mice by both light [9] 
and electron [10] microscopy, has been investigated. 
MATERIALS AND METHODS 
W ;wv, W /+, +/+, and C57Bl/6 mice (Jackson Laboratories, Bar 
Harbor, Maine) were maintained under standard laboratory conditions. 
In two separate experiments, W ;w· mice and their controls were tested 
for systemic anaphylaxis. In Experiment I, sensitization of W ;w• mice 
and their+/+ controls was begun when the mice were 9 weeks of age. 
In Experiment II, sensitization of W ;w• mice and their W /+ and +/ 
+ controls was initiated when the mice were 36 weeks old. All mice 
were immunized with 4 weekly 0.2 ml s.c. injections of 0.25 mg bovine 
serum albumin-alum (BSA-alum) (Sigma Chemical, St. Louis, Mis-
souri) prepared by standard methods [11] . The BSA-alum pellet was 
dilu ted with sterile saline to a fina l concentration of 1.25 mg/ ml for 
injection. Fresh solutions were prepared immediately prior to each 
weekly inoculation in order to minimize the risk of contamination and 
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protein desorption. Two weeks after the final sensitization, the mice 
were challenged via tail vein with 2.5 mg BSA in 0.3 ml sterile saline. 
Histamine Determinatioru; 
All mice that did not die within 30 min after receiving the challenge 
injection of BSA were then sacrificed. Also sacrificed were sensitized 
unchallenged mice. The lungs were removed immediately, lavaged with 
3 ml of sterile saline, and frozen at -2o·c for determination of 
histamine levels. Each lung fragment was weighe.d, boiled for 15 min 
in distilled water, and centrifuged at 200 g for 10 min. The supernatant 
was removed from each sample and divided in half. Aliquots of diami-
nooxidase (D.O.) (Sigma), 11'g/ml in PACM buffer (Pipes buffer, pH 
7.4, containing 0.03% human serum albumin, 1.0 mM calcium, and 0.5 
mM magnesium) or PACM buffer were added to duplicate samples. 
After 30-min incubation at 37•c, the reaction was terminated by t he 
addition of perchloric acid to a final concentration of 3%. The samples 
were centrifuged at 200 g for 10 min and the supernatants decanted. 
The relative fluorescence of each sample was determined using the 
automatic technique of Siraganian [12]. The concentration of hista-
mine was calculated using the difference in fluorescence intensity 
between D.O. and buffer-treated samples. Standard histamine solu-
tions, both D.O.-treated and untreated, were used in each assay for 
comparison with unknown samples. Cadaverene, putrescine, and his-
tadine did not fluoresce employing the assay. In the D.O. protocol 
employed, addition of exogenous histamine to serum samples led to 
quantitative recovery. 
Leukocyte Counts 
For studies of blood leukocytes, blood was collected from the tail 
vein in 3 heparinized capillary tubes (American Scientific Products, 
McGraw Park, Illinois) and then transferred directly to a 20-1'1 pipette 
for determination of total leukocyte counts using the Unopette system 
(Becton, Dickinson & Co., Rutherford, New Jersey) and a Coulter 
counter (Coulter Electronics, Inc., Hialeah, Florida). A minimum of 
200 stained leukocytes (Diff Quik, American Scientific Products) was 
counted to determine the percentage of eosinophils. Alcian blue staining 
was used [13] to determine the number of basophils per mm3 using 100 
J.< l of blood. The percentage of basophils was calculated based on the 
total leukocyte counts. 
In order to evaluate possible leukocyte changes with the age of the 
mice, simultaneous studies were performed in young (8-week-old) and 
old (7- to 10-month-old) mice. Strains studied were C57BI/6, W ;wv, 
W / + , and ++; total leukocyte counts, total eosinophi ls, and total 
basophils were determined in 6 mice per strain as described above. 
RESULTS 
Mice were sensitized to BSA and anaphylaxis tested by tail 
vein injection of BSA (Table I). In Experiment I, 6 mast cell-
deficient W ;wv mice and 6 wild type ( ++) mice were immu-
nized and challenged. All mice were observed for signs of 
anaphylaxis (shallow respirations, lethargy, decreased response 
to tactile stimuli, and death) . There were no apparent differ-
ences between the symptoms in wild type and W ;wv mice. All 
6 wild type and 5/6 W ;wv mice developed signs of anaphylaxis 
within 15 min. Unimmunized mice (2 W/Wv and 2 +/+ ) 
challenged with BSA developed no signs of anaphylaxis. In 
Experiment II, 8 W ;wv, 4 W /+,and 4 +/+mice were immu-
nized. Of these mice, 4 W ;wv, 2 W /+, and 2 +/+ mice were 
challenged using the same procedure and the remaining mice 
were used for studies of histamine levels. In Experiment II, all 
challenged W ;wv and wild type mice developed signs of ana-
phylaxis. Unsensitized mice (2 W/Wv and 2 +/+),challenged 
with BSA developed no signs of anaphylaxis. Anaphylaxis led 
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to death in 9/12 mice (4/6 W/Wv, 5/6 wild type) in Experiment 
I and 3/8 mice (1 W ; wv, 2 wild type) in Experiment II. Thus, 
in total, 10 out of 10 wild type and 9 out of 10 W ;wv mice 
sensitized and challenged with BSA showed signs of systemic 
anaphylaxis. 
To evaluate the role of histamine in anaphylaxis in the W j 
wv mouse, before and after ant igen cha llenge, lung histamine 
levels were measured in both W ; w v and wild type mice. These 
values, summarized in Table II, demonstrate a 3- to 5-fold 
difference between wild type and W /Wv mice. No differences 
between sensitized challenged and sensitized unchallenged an-
imals were noted. 
Peripheral blood leukocytes were also determined in wild 
type a nd W ;wv mice to see whether differences might contrib-
ute to potential differences in anaphylaxis (Fig 1). Total leu-
kocytes, eosinophils, and basophils were not significant ly dif-
fere n t between +/+ and W ;wv mice. Because our studies of 
anaph ylaxis used mice of different ages we asked whether 
TABLE I. Anaphylaxis in mast cell-deficient (W/W") mice 
Experiment I 
Experiment II 
Total 
Anaphylaxis 
Mast cell-deficient mice 
Present Absent 
5 
4 
9 
1 
0 
1 
Control mice 
Present Absent 
6 
4 
10 
0 
0 
0 
Mice were sensitized to BSA and a challenge dose administered as 
described in Materials and Methods. Anaphylaxis was observed as 
described. In Experiment I, 5 of 6 wild type ( ++) mice died as did 4 of 
6 W ;wv mice. In experiment II, 2 wi ld type ( ++) mice and 1 W ; wv 
mouse died. 
TABLE II. Lung histamine in mast cell-deficient and control mice 
Challenged 
Uncha llenged 
Histarnine (ng/g wet weight) 
Mast cell-deficient mice Control mice 
Expt l Expt II Exptl Exptll 
75 ± 12(6) 53 ± 9(8) 247 ± 43(6) 292 ± 122(4) 
N.D. 53 ± 15(4) N.D. 229 ± 53.9(8) 
Results are the mean ± SE of the histamine content of lungs 
expressed as the ng/g wet weight and the number of mice is indicated 
in parentheses. Determinations were performed in duplicate as de-
scribed in Materials and Methods. N.D. denotes experiment not per-
formed. 
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FrG 1. Leukocytes. Total leukocyte counts as well as the number 
and percentage of eosinophils and basophils was determined in W ; w v 
and wild type ( ++) mice. Results are expressed as both the percent of 
circulating leukocytes and the total eosinophil or basophil determina-
tions, and represent the mean± SO of studies in 6- 12 animals. 
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FIG 2. Leukocyte counts in young and old mice. Total leukocyte 
counts as well as the number and percentage of eosinophils and baso-
p~ils was determined in W/ WV, ++, W+, and C57BI/6 mice. Young 
mrce were 6-8 weeks of age, and old mice were 7-10 months of age. 
Results are the mean ± SO of studies in 6 animals. 
?iffe re~ces in death from anaphylaxis might be due to changes 
m penphe~al le'!kocytes in older animals. Total leukocyte 
~ounts, eosmoph!l counts, and basophil counts were compared 
m young and old C56Bl/6, W /W", and ++ mice (Fig 2). Het-
erogenous W /+ mice which would be expected to be the same 
as ++ control animals were tested as "young" control animals 
because no ++ young animals were available. As can be seen 
in Fig 2, in the 3 groups (6 each) studied t here were no 
significant differences between young and old animals in either 
the total leukocyte count, or the percentage (and absolute 
number) of eosinophils and basophils. 
DISCUSSION 
The W ;wv mouse is deficient in mast cells and thus has 
been employed as a model to study immunologic mechanisms 
thought to be mediated by the mast cell. We have shown that 
systemic anaphylaxis can be readily induced in the W ;wv 
mouse despite a relat ive lack of mast cells. Furthermore, t he 
anaphylactic response in this strain is clinically indistinguish-
304 JACOBY ET AL 
able from that of the +/+ mouse. The 1 mouse that failed to 
exhibit anaphylaxis in Experiment I may represent an animal 
that was neither adequately sensitized nor challenged due to 
technical difficulties. Though all mice in Experiment II exhib-
ited anaphylaxis, fewer animals died. This may reflect the older 
age of the mice in this experiment. Decreases in the immuno-
logic reactivity of both B cells and several subsets of T cells 
have been reported [14,15]. We did not find evidence of a 
change in circulating total leukocytes, eosinophils, or basophils 
that might bear on the differences in anaphylaxis. However, 
our laboratory does not have the capacity to study tissue mast 
cells and it is possible that changes in these cells or other 
immunologic systems may explain our apparent differences in 
young and old animals. Thus, in the absence of a functional 
deficit, use of this strain to make conclusions about the role of 
the mast cell in immunologic reactions and immunity requires 
caution. 
Histamine may be one of the mediators of anaphylaxis and 
immediate hypersensitivity reactions. Histamine at reduced 
levels and histamine-producing cells are present in the W ;wv 
mouse [6,7). The levels of histamine tht we measured in control 
+/+ mice were similar to those previously reported [7). The 
reduced tissue levels in lungs from W ;wv mice reported here 
are approximately 5-fold greater, possibly reflecting differences 
in the extraction or assay conditions. Regardless of the exact 
level of lung histamine, there are highly significant differences 
between+/+ and W ;wv mice. However, histamine may not be 
a major mediator of anaphylaxis in mice. Histamine levels were 
unchanged before and after anaphylaxis, suggesting that even 
in normal mice detectable differences in histamine levels may 
not be observed in anaphylaxis. However, since both types of 
mice developed anaphylaxis irrespective of the differences in 
histamine level, either the lower amount of histamine is ade-
quate or, alternatively, histamine levels may not be relevant to 
anaphylaxis in mice. Thus, we did not compare histamine levels 
in young and old animals since it is unlikely that changes in 
histamine levels pertain to the observed differences in anaphy-
laxis in young and old animals. Since anaphylaxis was defined 
in terms of physical findings (shallow respirations, inactivity, 
etc.) or death, it is also possible that different mechanisms of 
immediate-hypersensitivity reactions exist in normal and mast 
cell -deficient mice. Possible mechanisms include direct comple-
ment activation, endothelial cell damage (mediated by sensi-
tized lymphocytes or antigen-antibody complexes), or even 
thrombotic events, although we have no information about any 
of these possibilities. It is of interest that an anaphylactic type 
reaction leading to death can be observed in these animals that 
have defective ability to express delayed-hypersensitivity re-
Vol. 83, No.4 
actions [16] and passive cutaneous anaphylaxis [6]. These 
studies demonstrating normal basophil levels provide further 
evidence that mast cells and basophils have different origins 
[9,10]. The presence of normal numbers of basophils raises the 
possibility that these cells might participate in mediating ana-
phylaxis in this setting. 
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